Introduction {#section1-2333721418786565}
============

Strong evidence shows that physical activity has beneficial effects on well-being, health, and longevity in older ages. When studying different intense levels of exercise, moderate exercise (moderate physical activity, MPA) has been repeatedly suggested as most preferable ([@bibr1-2333721418786565]; [@bibr21-2333721418786565]; [@bibr28-2333721418786565]; [@bibr14-2333721418786565]). There are, however, several variables that may affect these results and thus have to be controlled for in future research.

In this study, we focus on the relationship between MPA and longevity, taking into account age, gender, smoking habits, cohabitation status, body mass index (BMI), leg strength and balance, education level, and cognitive function.

It has long been known that smoking increases the risk of premature death considerably ([@bibr5-2333721418786565], [@bibr6-2333721418786565]; [@bibr7-2333721418786565]; [@bibr11-2333721418786565]) and also that cohabitation may decrease that risk ([@bibr26-2333721418786565]). Loneliness in general is known to increase the risk of death, for reasons of both physical and social behavior ([@bibr15-2333721418786565]). The role of weight seems more complicated. Underweight increases the risk of death for the elderly ([@bibr13-2333721418786565]), while moderate over-weight (BMI 25-30) seems to be beneficial in some studies and increase the risk of death in other studies ([@bibr11-2333721418786565]). Obesity (BMI \>35), however, increases that death risk ([@bibr3-2333721418786565]; [@bibr12-2333721418786565]). Weak leg strength and balance, operationalized as the ability to get up from a chair by using leg strength alone (the Chair Stand Test) has been shown to predict mortality risk, nursing home admission and disability in the Instrumental Activities of Daily Living (IADL) scale ([@bibr10-2333721418786565]; [@bibr25-2333721418786565]; [@bibr29-2333721418786565]). In addition, it has been ascertained ([@bibr16-2333721418786565]; [@bibr18-2333721418786565]) that higher education decreases the risk of death. A relationship between cognitive function and longevity has also been found ([@bibr22-2333721418786565]).

The survival effect of physical exercise has received support by a large study of more than 40,000 athletes, which shows that the Standardized Mortality Ratio (SMR) for athletes compared to the standard population was 33% lower ([@bibr23-2333721418786565]). There are also other studies showing that physical exercise decreases mortality. In one study ([@bibr19-2333721418786565]) it was found that jogging or brisk walking more than 7.5 hr every week was associated with a higher life expectancy. In another study ([@bibr2-2333721418786565]), non-exercise physical activity was also included supposedly minimizing the risk of recall bias in the self-reported exercise. For a person engaged in more frequent physical activity, the mortality risk in that study was about 25% lower than for those less frequently active.

The longevity effect of physical activity seems, however, in a number of studies, in which both light and intense physical activity levels have been used, to be U-shaped according to frequency and intensity. ([@bibr17-2333721418786565]; [@bibr24-2333721418786565]). Some researchers have tried to establish a dose--response relationship between the amount of exercise and decrease of mortality ([@bibr24-2333721418786565]; [@bibr30-2333721418786565]). Public health recommendations of physical activity have been made by, for example, the World Health Organization and the American College of Sports Medicine ([@bibr20-2333721418786565]), in which 30 min regular moderate physical activity almost every day is generally recommended. The Swedish National Board of Health and Welfare recommended being active on a moderate level every day in combination with more intense exercise 2 to 3 times per week ([@bibr27-2333721418786565]). Assuming the existence of a U-shaped relationship, moderate activity levels seem most preferable. This assumption has also been empirically supported with regard to the relationship between the amount of exercise and cardiac morbidity ([@bibr17-2333721418786565]), quality of life and cognitive functioning ([@bibr14-2333721418786565]; [@bibr21-2333721418786565]; [@bibr22-2333721418786565]). In addition, people with more frequent MPA were engaged in more cognitive activities ([@bibr30-2333721418786565]). It has also been found that only one to two hr of jogging weekly decreased the risk by 71% ([@bibr8-2333721418786565]).

Assuming the existence of a U-shaped relationship, it has been suggested that while the largest decrease in the risk of death takes place when going from zero to any moderate physical activity, more frequent and intense physical activity is beneficial only for a very small part of the population, such as trained athletes ([@bibr8-2333721418786565]).

These studies indicate that a physical activity level larger than some minimum amount of intensity and frequency, can slow down the aging process in both psychological and physiological respects ([@bibr9-2333721418786565]) while more intense exercise does not seem to improve health and survivability ([@bibr1-2333721418786565]; [@bibr17-2333721418786565]).

In sum, with regard to the relationships between physical activity and longevity, most studies support the assumption that a moderate activity level is most beneficial. Therefore, the aim of this study is to find the answer to the following questions:

1.  How is the frequency of MPA distributed among older adults aged 60 to 96 by gender and age?

2.  How is the frequency of MPA associated to the risk of death adjusted for gender and age?

3.  What is the impact of the control variables age, BMI, smoking, leg strength, Mini Mental State Examination (MMSE), education, and living alone or not on these relationships?

Method {#section2-2333721418786565}
======

Participants {#section3-2333721418786565}
------------

This study included men and women aged 60 to 96. The characteristics of the general population of elderly people in Sweden are closely reflected in the sample which may be seen as representative for older adults in Sweden. Data were collected from physical examinations, patient records, and questionnaires. The purpose of the data collection design was to receive a randomly selected sample, representing the old population in a broad variation of ages. In the present study, the sample of women and men were divided into 10 age cohorts (aged 60, 66, 72, 78, 81, 84, 87, 90, 93, and 96 years). The individuals are thereafter followed regularly---the younger ones every sixth year and the older ones every third year. Every sixth year a new cohort of 60-year-olds is added to the study population. Of the total sample of individuals drawn from the municipality registers (*N* = 12.995), 8,462 participated in the study (65.2%; [Table 1](#table1-2333721418786565){ref-type="table"})

###### 

Number of Participants by Age and Gender, Participation Rate and Number of Total Population From Which the Sample Was Drawn.

![](10.1177_2333721418786565-table1)

  Age cohort (years old)         Total group   Women     Men
  ------------------------------ ------------- --------- ---------
  60                             1,781         915       866
  66                             1,565         842       723
  72                             1,048         604       444
  78                             983           600       383
  81                             757           463       294
  84                             755           469       286
  87                             578           396       182
  90                             566           417       149
  93                             299           234       65
  96                             130           109       21
  Total number of participants   8,462         5,049     3,413
  Participation rate             65.2          65        65,4
  Population                     319,645       186,593   133,052

Instruments and Procedures: Data Collection {#section4-2333721418786565}
-------------------------------------------

The examinations were performed at geriatric research centers in four Swedish regions (Malmö, Karlskrona, Kungsholmen \[Stockholm\], and Nordanstig).

The baseline data collection was concluded in 2004. The outcome variable, survival, was collected from the Swedish National Death register of 2015. All additional variables were collected from the baseline database. In that data collection, participants were examined medically, answered interview questions and survey questions including the variables used in the present study. The examinations were carried out by trained research staff. The participants were invited to the clinic in which the examinations took place. Those who agreed to participate but were unable to come to the center were investigated in their homes. Written informed consent was obtained from the participants before the examinations. The information included full anonymization and nonidentifiability.

The independent variable, MPA, was based on a survey question worded: "How often have you been engaged in light physical activity (such as going for walks, taking short bicycle tours, doing light gymnastics, playing golf or engaging in similar activities) during the last 12 months?" The answer alternatives were 1 = *Never*, 2 = *Once a month*, 3 = *Two to three times a month*, 4 = *More than once a week but not every day*, 5 = *Every day*.

Age was measured by years. When measuring BMI, weight (in kilograms) was measured by a precision balance scale with light clothes on and without shoes. The balance was manufactured by the Japanese Tanita Corporation ± 50 g precision. Height was measured with the participant standing, and re-readings were made in centimeter within one decimal. Low BMI was defined as 18.5 or less while high BMI was defined as 35 kg/m^2^ or more. Smoking habits was measured by a survey question involving whether the participants smoked regularly or not. Leg strength and balance were measured by the Chair Stand Test whereby participants were asked to keep their arms crossed over their chests and to stand up from a sitting position and then sit down five times in succession, as quickly as possible ([@bibr10-2333721418786565]; [@bibr25-2333721418786565]). High education was defined as having completed secondary school and living alone was defined as living in a single household. MMSE was used as a continuous variable.

Statistical Analyses {#section5-2333721418786565}
--------------------

The statistical analyses consisted of descriptive measures and Cox Proportional Hazard models. In the latter analyses, the Cox survival model ([@bibr4-2333721418786565]) was used as implemented in SPSS version 23. The variables were entered in blocks, beginning with MPA, which was dichotomized into either once every month or less, or 2 to 3 times every month or more. In the next step, physically affecting variables such as age, BMI, and smoking habits were entered, followed by functional capacity variables such as cognitive function and leg strength and balance. In the last step, social conditions such as education level and living alone or not were entered. In addition, Cox regression analyses, the MPA variable was dichotomized using one for "once every month" or less and two for "2-3 times every month" or more as cut points.

Results {#section6-2333721418786565}
=======

A majority of the participants were performing MPA 2 to 3 times every month or more (82.1%). In the younger group (aged 60-79), this activity level was reached by 94.2% and in the older group (aged 80-96) by 82.1% (χ^2^ 417.49\*\*\*, df = 1). In the male group there were 83.2% who performed MPA 2 to 3 times every month or more while for the women, the corresponding figure was 81.4% (χ^2^ 3.99\*, df = 1). Doing MPA more than once a week including every day was performed by 71.4% of the participants. In the younger group, the corresponding figure was 78.8%, while in the older group it was 59.6% (χ^2^ 179.73\*\*\*, df = 1). In the female group, there were 62.4% performing MPA more than once a week including every day and the corresponding figure for the male group was 70.4% (χ^2^ 3.26, df = 1). The gender difference was not statistically significant.

The distribution of MPA frequency in the total group and in each subgroups is shown in [Tables 1](#table1-2333721418786565){ref-type="table"} and [2](#table2-2333721418786565){ref-type="table"}. In all groups, differences in MPA levels at baseline between survivors and non-survivors at the follow-up are statistically significant as measured by χ^2^. Generally, those still alive at the 11-year follow-up measure were more often physically active at the baseline measure ([Tables 2](#table2-2333721418786565){ref-type="table"} and [3](#table3-2333721418786565){ref-type="table"}).

###### 

Distribution of Moderate Physical Activity Habits Among Living and Not Living Participants During a 10-Year Time Span in the Total Group and by Age Group.

![](10.1177_2333721418786565-table2)

  Activity duration           Total group                                                                          81-96 years old participants                                                        60-79 years old participants                                                                                                                              
  --------------------------- ------------------------------------------------------------------------------------ ----------------------------------------------------------------------------------- --------------------------------------------------------------------------------- ------------- ------------- ------------- --------------- ------------- ---------------
  Never                       283 (6.4%)                                                                           540 (21.3%)                                                                         823 (11.8%)                                                                       95 (13.7%)    409 (30.7%)   504 (24.9%)   185 (5%)        123 (10.6%)   308 (6.3%)
  Once every month            245 (5.5%)                                                                           182 (7.2%)                                                                          427 (6.1%)                                                                        55 (7.9%)     100 (7.5%)    155 (7.7%)    187 (5.1%)      78 (6.7%)     265 (5.5%)
  2-3 times every month       472 (10.6%)                                                                          273 (10.8%)                                                                         745 (10.7%)                                                                       47 (6.8%)     112 (8.4%)    159 (7.9%)    414 (11.2%)     158 (13.6%)   572 (11.8%)
  More than once every week   1,595 (35.9%)                                                                        760 (29.9%)                                                                         2,355 (33.7%)                                                                     212 (30.5%)   318 (23.9%)   530 (26.2%)   1,364 (37.0%)   431 (37.0%)   1,911 (39.4%)
  Every day                   1,852 (41.6%)                                                                        784 (30.9%)                                                                         2,636 (37.7%)                                                                     285 (41.1%)   392 (29.5%)   677 (33.4%)   1,537 (41.7%)   374 (32.1%)   1,911 (39.4%)
  *N*                         4,447                                                                                2,539                                                                               6,986                                                                             694           1,331         2,025         3,687           1,164         4,851
                              χ^2^ = 378.61 (*df* = 4)[\*\*\*](#table-fn1-2333721418786565){ref-type="table-fn"}   χ^2^ = 81.01 (*df* = 4)[\*\*\*](#table-fn1-2333721418786565){ref-type="table-fn"}   χ^2^ = 71.84 (df = 4)[\*\*\*](#table-fn1-2333721418786565){ref-type="table-fn"}                                                                           

*p* \< .05. \*\**p* \< .01. \*\*\**p* \< .001.

###### 

Distribution of Moderate Physical Activity Habits Among Living and Not Living Participants During a 10-Year Time Span by Gender.

![](10.1177_2333721418786565-table3)

  Activity duration           Women                                                                                Men                                                                                                                             
  --------------------------- ------------------------------------------------------------------------------------ ----------------------------------------------------------------------------------- --------------- ------------- ------------- ---------------
  Never                       167 (6.3%)                                                                           341 (24.4%)                                                                         508 (12.6%)     115 (6.4%)    196 (17.4%)   311 (10.6%)
  Once every month            145 (5.5%)                                                                           96 (6.9%)                                                                           241 (6.0%)      97 (5.4%)     82 (7.2%)     179 (6.1%)
  2-3 times every month       237 (9.9%)                                                                           126 (9.0%)                                                                          363 (9.0%)      234 (13.0%)   142 (12.6%)   376 (12.8%)
  More than once every week   891 (33.8%)                                                                          404 (29.0%)                                                                         1,295 (32.1%)   702 (39.0%)   353 (31.3%)   1,055 (36.0%)
  Every day                   1,194 (45.3%)                                                                        428 (30.7%)                                                                         1,622 (40.3%)   654 (36.3%)   353 (31.3%)   1,007 (34.4%)
  *N*                         2,634                                                                                1,395                                                                               4,029           1,802         1,126         2,928
                              χ^2^ = 295.30 (*df* = 4)[\*\*\*](#table-fn2-2333721418786565){ref-type="table-fn"}   χ^2^ = 99.52 (*df* = 4)[\*\*\*](#table-fn2-2333721418786565){ref-type="table-fn"}                                               

*p* \< .05. \*\**p* \< .01. \*\*\**p* \< .001.

To investigate whether other factors influenced the relationships between MPA habits and risk of death, Cox regression analyses were performed with stepwise inclusion of covariates. Bivariate correlations (Spearmans rho) between all included variables showed that high age (*r* = −12\*\*), a high BMI (\>35; *r* = −.07\*\*) and weak leg strength (*r* = −.20\*\*) were significantly correlated with low MPA levels while high education (*r* = .07\*\*) and not living alone (*r* = .05\*\*) were correlated with high levels of MPA.

The Cox regression analyses were performed in four steps for the total group. In these analyses, the hazard ratio (RR) of dying was 51% higher (RR = .49\*\*) for those who were active less than 2 to 3 times every month when no covariates were controlled for. After entering three biologically related variables (age, BMI, and smoking), the risk became 34% higher (RR = .66\*\*). In the next step, two functional status variables (MMSE and Chair Stand) were entered, changing the increased risk to 29% (RR = .71\*\*). In the final step two social variables (low education and living alone) were entered, giving an increased risk of dying of 28% (RR = .72; [Table 4](#table4-2333721418786565){ref-type="table"}). In the final model, MPA was the strongest predictor of longevity together with education level which showed the same RR level (RR = .72).

###### 

Cox Regression: RR of Dying in the Total Group (*N* = 5,923).

![](10.1177_2333721418786565-table4)

  Variables                    Model 1                                                       Model 2       Model 3                                                         Model 4                                                                                                                                                         
  ---------------------------- ------------------------------------------------------------- ------------- --------------------------------------------------------------- ---------------- -------------------------------------------------------------- ---------------- -------------------------------------------------------------- ----------------
  Moderate physical activity   .49[\*\*](#table-fn4-2333721418786565){ref-type="table-fn"}   \[.44, 55\]   .66 [\*\*](#table-fn4-2333721418786565){ref-type="table-fn"}    \[.59, .74\]     .71[\*\*](#table-fn4-2333721418786565){ref-type="table-fn"}    \[.63, .79\]     .72[\*\*](#table-fn4-2333721418786565){ref-type="table-fn"}    \[.64, .81\]
  Age                                                                                                      1.08 [\*\*](#table-fn4-2333721418786565){ref-type="table-fn"}   \[1.07, 1.08\]   1.07[\*\*](#table-fn4-2333721418786565){ref-type="table-fn"}   \[1.06, 1.07\]   1.07[\*\*](#table-fn4-2333721418786565){ref-type="table-fn"}   \[.06, 1.07\]
  Low BMI \<18.5                                                                                           1.09                                                            \[73, 1.62\]     1.10                                                           \[.73, 1.64\]    1.13                                                           \[.75, 1.69\]
  High BMI \>35                                                                                            1.02                                                            \[.77, 1.34\]    .95                                                            \[.72, 1.25\]    .91                                                            \[.69, 1.19\]
  Smoking                                                                                                  1.23[\*](#table-fn4-2333721418786565){ref-type="table-fn"}      \[1.07, 1.41\]   1.21[\*](#table-fn4-2333721418786565){ref-type="table-fn"}     \[1.05, 1.39\]   1.22[\*](#table-fn4-2333721418786565){ref-type="table-fn"}     \[1.06, 1.40\]
  Leg strength                                                                                                                                                                              1.19[\*](#table-fn4-2333721418786565){ref-type="table-fn"}     \[1.04-1.37\]    1.22[\*](#table-fn4-2333721418786565){ref-type="table-fn"}     \[1.06, 1.40\]
  MMSE                                                                                                                                                                                      .94[\*\*](#table-fn4-2333721418786565){ref-type="table-fn"}    \[. 92, .95\]    .95[\*\*](#table-fn4-2333721418786565){ref-type="table-fn"}    \[.94, .96\]
  Higher education                                                                                                                                                                                                                                                          .72[\*\*](#table-fn4-2333721418786565){ref-type="table-fn"}    \[.65, .80\]
  Living alone                                                                                                                                                                                                                                                              1.25[\*\*](#table-fn4-2333721418786565){ref-type="table-fn"}   \[.14, 1.37\]

*Note.* RR = Relative Risk; CI = confidence interval; BMI = body mass index; MMSE = Mini Mental State Examination.

*p* \< .05. \*\**p* \< .01. \*\*\**p* \< .001.

In the next step, the full model was tested in four subgroups: women only, men only, participants aged 60 to 79 years and participants aged 80 to 96 years.

In the female group, a low MPA increased the risk of dying ([Table 4](#table4-2333721418786565){ref-type="table"}). The RR value was .66, indicating an increased risk of 34%. In this group, MPA was the strongest predictor of longevity followed by low education, which increased the risk by 32% (RR = .68). In the male group, another pattern emerged showing a low MPA giving a 23% increased risk (RR = .77). In this group, the strongest predictor of longevity was leg strength (Chair Stand), which decreased the risk of dying by 51% (RR = 1.51), followed by smoking with an increased risk of 41% and low education with a 26% higher risk (RR = .74) In the older group (aged 80-96), the risk of dying among those with a low MPA was 29% (RR = 71). In this group, a low BMI (\<18.5) increased the risk of dying by 64% (RR = 1.64), while high BMI seemed to decrease the risk by 51% (RR = .49). Other variables included in the model were only marginally related to survival ([Table 5](#table5-2333721418786565){ref-type="table"}). In the younger group (aged 60-79) the risk of dying in the high MPA group was 22% lower (RR = .78), while smoking increased the risk by 24% (RR = 1.24), weak leg strength by 56% and living alone by 43%. (RR = 1.43). In addition, a higher education level decreased the risk by 35% (RR = .65). Two additional Cox regression analyses using the same control variables were performed with more frequent physical activity as independent variables. In the first model, RR for those who were active more than once a week compared to those less active was calculated, giving a hazard ratio decreased by 29%, RR = .71\*\*\*, 95% confidence interval (CI) = \[.645, .783\]. In the second model, RR for those active every day were compared to those less active, giving a 28% decreased Hazard Ratio compared to those less active, (RR = .72\*\*\*, 95% CI = \[.654, .798\]. Thus, higher frequencies of MPA than 2 to 3 times per months did not further decrease the risk of dying.

###### 

Cox regression: RR of Dying. Model 4 in Subsamples.

![](10.1177_2333721418786565-table5)

  Variables                    Women                                                          Men              Aged 80-96                                                     Aged 60-79                                                                                                                                                     
  ---------------------------- -------------------------------------------------------------- ---------------- -------------------------------------------------------------- ---------------- ------------------------------------------------------------- ---------------- -------------------------------------------------------------- ----------------
  Moderate physical activity   .66[\*\*](#table-fn5-2333721418786565){ref-type="table-fn"}    \[.57, .78\]     .77[\*\*](#table-fn5-2333721418786565){ref-type="table-fn"}    \[.64, .91\]     .71[\*\*](#table-fn5-2333721418786565){ref-type="table-fn"}   \[.61, .82\]     .78[\*\*](#table-fn5-2333721418786565){ref-type="table-fn"}    \[.65, .94\]
  Age                          1.06[\*\*](#table-fn5-2333721418786565){ref-type="table-fn"}   \[1.05, 1.07\]   1.08[\*\*](#table-fn5-2333721418786565){ref-type="table-fn"}   \[1.07, 1.09\]   1.06[\*](#table-fn5-2333721418786565){ref-type="table-fn"}    \[1.04, 1.08\]   1.06[\*](#table-fn5-2333721418786565){ref-type="table-fn"}     \[1.05, 1.07\]
  Low BMI \<18.5               1.21                                                           \[.78, 1.89\]    2.86[\*](#table-fn5-2333721418786565){ref-type="table-fn"}     \[1.07, 7.65\]   1.64[\*](#table-fn5-2333721418786565){ref-type="table-fn"}    \[1.01, 2.67\]   .66                                                            \[.31, 1.40\]
  High BMI \>35                .93                                                            \[.67, 1.31\]    1.05                                                           \[.65, 1.71\]    .49                                                           \[.22, 1.10\]    1.05                                                           \[.78, 1.41\]
  Smoking                      1.09                                                           \[.89, 1.33\]    1.41[\*\*](#table-fn5-2333721418786565){ref-type="table-fn"}   \[1.58, 1.71\]   1.16                                                          \[.89, 1.51\]    1.24[\*\*](#table-fn5-2333721418786565){ref-type="table-fn"}   \[1.06, 1.46\]
  Leg strength                 1.17                                                           \[.98, 1.40\]    1.51[\*\*](#table-fn5-2333721418786565){ref-type="table-fn"}   \[1.22, 1.88\]   1.09                                                          \[.93, 1.28\]    1.56[\*\*](#table-fn5-2333721418786565){ref-type="table-fn"}   \[1.20, 2.02\]
  MMSE                         .95[\*\*](#table-fn5-2333721418786565){ref-type="table-fn"}    \[.93, .97\]     .95[\*\*](#table-fn5-2333721418786565){ref-type="table-fn"}    \[.93, .98\]     .94[\*\*](#table-fn5-2333721418786565){ref-type="table-fn"}   \[.92, .96\]     .97[\*\*](#table-fn5-2333721418786565){ref-type="table-fn"}    \[.94, .99\]
  Higher education             .68[\*\*](#table-fn5-2333721418786565){ref-type="table-fn"}    \[.56, .59\]     .74[\*\*](#table-fn5-2333721418786565){ref-type="table-fn"}    \[.64, .86\]     .82[\*](#table-fn5-2333721418786565){ref-type="table-fn"}     \[.70, .96\]     .65[\*\*](#table-fn5-2333721418786565){ref-type="table-fn"}    \[.57, .74\]
  Living alone                 1.18[\*](#table-fn5-2333721418786565){ref-type="table-fn"}     \[1.04, 1.3\]4   1.18[\*](#table-fn5-2333721418786565){ref-type="table-fn"}     \[1.02, 1.36\]   1.08                                                          \[.94, 1.34\]    1.43[\*\*](#table-fn5-2333721418786565){ref-type="table-fn"}   \[1.25, 1.63\]

*Note.* RR = Relative Risk; CI = confidence interval; BMI = body mass index; MMSE = Mini Mental State Examination.\**p* \< .05. \*\**p* \< .01. \*\*\**p* \< .001.

Discussion {#section7-2333721418786565}
==========

The results show that 82.1% of the total sample performed MPA 2 to 3 times every month or more. The younger participants were more active and men were slightly more active than women.

In addition, the results showed that those who performed MPA 2 to 3 times every month or more were, in an 11-year perspective, more often still alive. This was shown for the total sample but also for both men and women as well as for both the younger and the older groups when RR was calculated for these groups separately. These results support previous findings showing that MPA benefits longevity ([@bibr1-2333721418786565]; [@bibr19-2333721418786565]; [@bibr28-2333721418786565]).

In comparison with other studies, the low frequency of MPA needed for an effect on longevity was remarkable ([@bibr2-2333721418786565]; [@bibr18-2333721418786565]), although low levels have been suggested previously ([@bibr19-2333721418786565]). The results do not contradict the general recommendations of daily moderate physical activity ([@bibr24-2333721418786565]; WHA, 2004; [@bibr30-2333721418786565]), but the present results also indicate that health advantages, at least in terms of longevity, can be achieved by an even lower activity frequency. The previously made suggestion ([@bibr24-2333721418786565]) that the strongest difference in health outcomes can be observed between those not active at all and those performing any moderate activity ([@bibr24-2333721418786565]) is confirmed by the result of this study.

When control variables were adjusted for in Cox regression analyses, the relationships between MPA and longevity showed to be robust. The decreased relative risk of dying for those performing MPA 2 to 3 times every month or more were still significant albeit on lower levels. In the total group, the relative risk decreased from 51% unadjusted to 28% after adjustment for all control variables. In Model 2, adjustment for the biologically related variables of age, BMI, and smoking habits decreased the effect by 17% (from 51% to 34%). The inclusion of the two functional variables (MMSE and Chair Stand) decreased the effect by an additional 5% (from 34% to 29%) and in the final model, which also included two social variables, an additional decrease of 1% (from 29% to 28%) was shown. This may be explained by the previously known relationships between longevity and these variables, which show that advanced age is a main predictor of dying ([@bibr1-2333721418786565]) as well as smoking ([@bibr6-2333721418786565]; [@bibr5-2333721418786565]; [@bibr7-2333721418786565]) and weight loss ([@bibr12-2333721418786565]), while the Chair Stand ability ([@bibr10-2333721418786565]), cognitive function (Ferrucci et al., 2013; [@bibr14-2333721418786565]), education ([@bibr25-2333721418786565]), and cohabitation benefit survival ([@bibr26-2333721418786565]).

The decreased relative risk in the adjusted model was slightly stronger for women than men and for the older group compared to the younger. The gender difference may be partly explained by the slightly lower activity level of the women. In addition, only three control variables increased the relative risk in the female group (age, MMT, and low education) while in the male group six control variables (age, low BMI, smoking, MMT, and low education) were significant predictors. The stronger effect on the older participants supports previous findings ([@bibr28-2333721418786565]) and may, as in the woman's group, be partly explained by the smaller number of significant control variables for predicting longevity in the model. For the younger group six control variables were significant predictors (age, smoking, leg strength and balance, MMT, low education, and living alone) while in the older group, there were only four variables involved (age, low BMI, MMT, and low education).

The remarkably low levels of activity, necessary for survival benefits, found in this study supports previous findings showing that the largest differences in death risk appear when comparisons between zero and any physical activity are made ([@bibr1-2333721418786565]; [@bibr19-2333721418786565]). This should be considered by health promoters and public health workers. Usually, more frequent and intense activity levels are recommended ([@bibr24-2333721418786565]; [@bibr30-2333721418786565]), which may make less capable individuals inclined to give up and believe that health promotion by physical activity is not attainable for them.

A limitation of the study, however, is that the physical activity variable was self-reported, which may increase the risk of recall bias. Still, the study contains several strengths. It is based on a sample that is representative for the Swedish population and covers age groups as high as 60 to 96 years. In addition, few previous studies have adjusted for biological, functional, and social variables in survival analyses. Other strengths include the long observation time (11 years) and the large *N* of the study (*N* = 6,896).
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